Detection of acute cardiac rejection by analysis of heart rate variability in heterotopically transplanted rats.
A less-invasive method for cardiac allograft surveillance than endocardial biopsy is needed. We analyzed heart rate variability of heterotopically transplanted rat hearts as a method of detecting rejection of rat cardiac allografts. Two kinds of heterotopic transplants were performed: 1) Brown-Norway rats received Brown-Norway rat isografts, and 2) Lewis rats received Brown-Norway rat allografts. The electrocardiogram (ECG) of the grafts were serially recorded under non-anesthetized and non-restricted conditions using a telemetric ECG transmitter implanted in the recipient's abdomen. Frequency domain analysis of the ECGs was performed using a fast Fourier algorithm. Total power of the heart rate variability in the isograft heart was reduced to 1.1%, compared to normal subjects without transplantation (p < .001). In the allograft heart, it was also reduced to 1.0% on days 1.5 (rejection score 0 to 1), but gradually increased thereafter up to 185% on day 6 (rejection score 3.75+/-0.50). The increase in spectral power was frequency-dependent (i.e., changes in the power in lower frequency range [LF, 0.04 to 0.67 Hz] were significantly higher than other ranges). This increase was reversible when immunosuppressive therapy was performed with the use of cyclosporine A. In the allograft group, peak-to-peak amplitudes of the QRS complex and heart rate were significantly decreased on day 5.5 or later, whereas the power of the LF was significantly increased by day 3.5 or later. Our data suggest that heart rate variability analysis is a promising noninvasive marker for early detection of cardiac allograft rejection. This method may also provide a sensitive means of assessing the effects of immunosuppressive therapy.